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(57) Dielectric structures (20,25) particularly suita- 
ble for use in capacitors and having a textured surface 
(30) are provided, together with methods of forming 



these stmctures. Such dielectric structures show in- 
creased adhesion of subsequently applied conductive 
layers. 
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Description 

Background of the Invention 

[0001] The present invention relates generally to the 
field of dielectric structures'. In particular, the present In- 
vention relates to the field of dielectric structures suita- 
ble for use in capacitor manufacture. 
[0002] Laminated printed circuit boards, as well as 
multichip modules, serve as supportsubstrates for elec- 
tronic components, such as integrated circuits, capaci- 
tors, resistors, inductors, and other components. Con- 
ventionally, discrete passive components, e.g. resistors, 
capacitors and Inductors, are surface mounted to the 
printed circuit boards. Such discrete passive compo- 
nents can occupy up to 60% or greater of the real estate 
of a pririted circuit board, thus limiting the space avail- 
able for the mounting of active components, such as In- 
tegrated circuits. The removal of passive components 
from the printed circuit board surface allows for in- 
creased density of active components, further miniatur- , 
ization of the printed circuit board, increased computing 
power, reduced system noise and reduced noise sensi- 
tivity due to shortened leads. 
[0003] Such removal of discrete passive components 
from the printed circuit board surface can be achieved 
by embedding the passive components within the lam- 
inated printed circuit board structure. Embedded capac- 
itance has been discussed in the context of capacltlve 
planes providing non-individual or "shared" capaci- 
tance. Capacitive planes consist of two laminated metal 
sheets insulated by a polymer based dielectric layer. 
Shared capacitance requires the timed use of the ca- 
pacitance by other components. Such shared capaci- 
tance fails to adequately address the need for embed- 
ded capacitors that still function as discrete compo- 
nents. 

[0004] U.S. Patent No. 6,068,782 (Brandt et al.) dis- 
closes a method of providing individual embedded ca- 
pacitors including the steps of patterning a photoimage- 
ab)e low dielectric constant material on top of a bottom 
electrode material, depositing capacitance dielectric 
material by either filling or partially filling the pattern, and 
then fabricating a capacitor top electrode. Such capac- 
itor dielectric material typically has a high dielectric con- 
stant, such as a ceramic or metal oxide. One problem 
with using such ceramics or metal oxides is that they 
may be difficult to metallize, i.e. to fabricate an electrode 
on, using techniques conventiohaily used in the printed 
circuit board industry. 

[0005] U.S. Patent No. 6,180,252 B1 (Fan-ell et ai.) 

discloses high energy storage devices for use in semi- 
conductors. This patent discloses confomrially coating a 
dielectric material on a silicon substrate where the sili- 
con substrate is three-dimensional. In this way, the sur- 
face of the dielectric material remains smooth and not 
textured. 

[0006] There is a need for capacitors, particulariy em- 



beddable capacitors, having high dielectric constant ca- 
. pacitance dielectric material that are easier to fabricate 
electrodes on than conventional high dielectrb constant 
capacitance dielectric material. 

Summary of the Invention • 

[0007] It has been surprisingly found that the adhe- 
sion of plated electrode layers to high dielectric constant 
material can be improved by providing increased sur- 
face roughness , of the dielectric material. Such in- 
creased surface roughness is preferably provided 
through the use of removable porogens. 
[0008] The present Invention provides a capacitor 
structure including a first conductive layer, a second 
conductive layer and a multilayer dielectric structure dis- 
posed between the first and second conductive layers,, 
wherein the multilayer dielectric stmcture includes aflrst 
dielectric layer and a second dielectric layer, wherein the 
first dielectric layer has a textured surface. Preferably, 
the textured surface of the first dielectric layer is In inti- 
mate contact with the first conductive layer. 
[0009] The present invention also provides a method 
of improving the adhesion of a plated conductive layer 
to a dielectric structure including the steps of depositing 
on a dielectric layer a top dielectric layer comprising po- 
rogen, removing the porogen to provide a textured sur- 
face on the top dielectric layer, and depositing a con- 
ductive layer on the textured surface of the top dieilectric 
layer. 

[0010] Additionally, the present invention provides a 
printed circuit board including an embedded capaci- 
tance material, wherein the embedded capacitance ma- 
terial includes the muttjiayer dielectric structure de^ . 
scribed above. 

[001 1 ] Further, the present invention provides a meth- 
od of manufacturing a multilayer laminated printed cir- 
cuit board including the, step of embedding a capaci- 
tance nnateriai in one or more layers of the multilayer, 
laminated printed circuit board, wherein the embedded 
capacitance material includes the multilayer dielectric 
structure described above. 

Brief Description of the Drawirigs 

[0012] 

Fig. 1 Illustrates a dielectric structure of the present 
invention having a first dielectric layer having a tex- 
tured surface, not to scale. 

Fig. 2 illustrates a capacitor of the present invention 
having a first dielectric layer having a textured sur- 
face, not to scale. 

Detailed Description of the Invention 

[0013] As used throughout this specification, the fol- 
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lowing abbreviations shall have the following meanings, 
unless the context cleaiiy indicates otherwise: C = de- 
grees Centigrade; rpm = revolutions per minute; mol = 
moles; hr = hours; min = minute; sec = second; nm ^ 
nanometers; cm -.centimeters; In. = inches; and wt% = 5 
percent by weight. 

[0014] The terms "printed wiring board" and "printed 
circuit board" are used interchangeably throughout this 
specification. "Depositing" and "plating" are used inter- 
changeably throughout this specification and include 
both electroless plating and electrolytic plating. The 
tenm "(meth)acrylic" includes both acrylic and meth- 
acrylic and the temi "(meth)acrylate" includes both acr- 
ylate and methacrylate. Likewise, the temri "(meth)acr- 
ylamide" refers to both acrylamide and methacrylamide. 
"Aikyl" includes straight chain, branched and cyclic alkyi 
groups. The term "porogen" refers to a pore forming ma- 
terial, that is a polymeric material dispersed In a dielec- 
tric material that is subsequently removed to yield pores, 
voids or free-volume in the dielectric material. Thus, the 
term "removable porogen" will be used Interchangeably 
with "removable polymer" or "removable particle" 
throughout this specification. The temis "pore" and 
"void" are used interchangeably throughout this sped* 
fication. "Crosslinker" and "cross-linking agent" are 
used Interchangeably throughout this specification. 
"Multilayer" refers to two or more layers. The term "die- 
lectric structure" refers to a layer or layers of dielectric 
material. 

[0015] Air percentages are by weight, unless other* . 
wise noted. All numerical ranges are Inclusive and com- 
binable in any order, except where It is clear that such 
numerical ranges are constrained to add up to 100%. 
[0016] The present invention provides a capacitor 
structure including a first conductive layer, a second 
conductive layer and a multilayer dielectric structure dis- 
posed between the first and second conductive layers, 
wherein the multilayer dielectric structure has a top and 
bottom suriace, wherein at least one of the top and bot- 
tom surfaces Is textured. Preferably, such textured sur- 
face Is in intimate contact with at least one of the first 
and second conductive layers. 'Textured" refers to a 
surface having sufficient irregularities or topography to 
provide increased adhesion of subsequently applied 
electrode or conductive layers. Suitable topographies 
include, but are not limited to, channels, ridges, pores 
or voids, depressions, grooves, nooks, and crannies. A 
textured surface may Include more than one type of to- 
pography. Such dielectric structures are particulariy 
suitable for the fabrication of capacitors, and more par- 
ticularly for the f abrteation of capacitors that can be em- 
bedded within a laminated printed circuit board. Such 
capacitors contain a pair of electrodes (conductive lay- 
ers or metal layers) on opposite sides of and in intimate 
contact with the capacitor dielectric material. 
[0017] Typically, the dielectric material useful in the 
present dielectric structures is any that is suitable for 
use as capacitor dielectric material, i.e. has a high die- 



lectric constant. By "high" dielectric constant it Is meant 
a dielectric constant ^ 7, and preferably > 7. When a 
mutiilayer dielectric structure is used, it is prefered that 
the structure has a dielectric constant ^ 7, and prefera- 
bly > 7. A wide variety of dielectric materials may suita- 
bly be used, including, but not limited to, polymers, ce- 
ramics, metal oxides and combinations thereof. Suitable 
polymers include, but are not limited to, epoxies, poly- 
Imides, polyurethanes, potyarylenes Including pol- 
yarylene ethers, polysulfones, polysulfides, fluorinated 
polyimides, and fluorinated polyarylenes. Suitable ce- 
ramics and metal oxides include, but are not limited to, 
titanium dioxide ("T1O2''), tantalum oxides such as 
TagOs, barium-titanates having the fomnula BdaTibOc 
wherein a and b are independently from 0.75 to 1 .25 
and c is 2.5 to 5, strontlum-titanates such as SrTi03, 
barium-strontlunn-titanates, lead-zirconium-titanates 
such as PbZryTii.y03, the series of doped lead-zlrconi- 
um-titanates having the fomiula (PbxMi.x)(ZryTii.y)03 
where M is any of a variety of metals such as alkaline 
earth metals and transition metals such as niobium and 
lanthanum, where x denotes lead content and y denotes 
zirconium content, lithium-niobium oxides such as 
LiNb03, iead-magnesium-titanates such as (PbyMg^.^) 
T103, and lead-magnesium-niobium' oxides such as 
(PbxMgi.x)Nb03 and lead-strontium titanates (Pb^Sr^. J 
TIO3. When the capacitor dielectric material includes 
BagTiijOc, it is preferred that a and b are both 1 and c is 
3, I.e. BaTi03. It is preferred that the dielectric material 
includes a ceramic or metal oxide. Such dielectric ma- 
terials may be used in a variety of crystal structures in- 
cluding, without limitation, perovs kites (ABO3), pyro- 
chlores (A2B2O7), rutile and other structural polymorphs 
that have suitable electrk:al properties for use as a ca- 
pacitor dielectric. 

[0018] When a polymer/ceramic or metal oxide com- 
posite capacitor dielectric material Is used, the ceramic 
or metal oxide material may be blended as a powder 
with the polymer. When the ceramic or metal oxide is 
used without a polymer, such ceramic or metal oxide 
may be deposited by a variety of means, such as, but 
not limited to, sol-gel, physical and/or reactive evapora- 
tion, sputtering, laser-based deposition techniques, 
chemical vapor deposition ("CVD"), combustion chem- 
ical vapor deposition ("CCVD"), controlled atmosphere 
combustion chemical vapor deposition ("CACCVD"), 
hydride vapor phase deposition, liquid phase epitaxy, 
and electro- epitaxy. Preferably, such ceramic. or metal 
oxide material is deposited as using sol-gel techniques. 
[0019] In such sol-gel processes, as exemplified 
herein by the deposition of a barium titanate capacitor 
dielectric, a non-aqueous solution of titanium alkoxide 
is reacted with a barium precursor at the desired stoi- 
chiometry and controllably hydrolyzed with a solvent/ 
water solution. A thin, adherent film of the hydrolyzed 
alkoxide solution (or "sol") is then applied to the sub- 
strate by either dip-coating or spin-coating at 1 ,000 to 
3,000 rpm. Multiple coatings may be required for in- 
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creased film thicknesses; the films are heated from 200 
to 600" C for 5 to 1 0 minutes to volatize the organic spe- 
cies and to render the dried "gel" film. While the majority 
of the organic rhatter and water is* removed from the 
films heating to 500° C; the barium titanate filni is still 
only partially crystalline. * 
[0020] The film is preferably further annealed to im* 
prove the filni's crystallinity. This latter step involves 
heating the film such as at a rate of 200° C/hr under dry 
nitrogen to a final annealing temperature of 600 to 900* 
C, preferably 850° C, until the desired crystallization is 
achieved. Alternatively, the film can be annealed via rap- 
Id thermal annealing (RTA). 

[0021] Preferred as the titanium alkoxide Is titanium 
isopropoxide. Thei "barium precursor" is typically the re- 
action product of a glycol and barium oxide. Typical gly- 
cols are ethylene glycol and propylene glycol. The gly- 
col-barium oxide reaction product is typically diluted with 
an atcoho j; glycol ethers and the tike prior to the addition 
of the titanium alkoxide. Suitable alcohols for use as 
diluents include, without limitation, ethanol, isopropyl al- 
cohol, methanol, butanol and pentanol. Suitable glycol 
ethers include, bkut are not limited to, ethylene glycol 
butyl ether, pi^opybne glycol t-butyl ether; propylene gly- 
col mohomethyl ether, propylene glycol monomethyl 
ether acetate, and propylene glycol butyl ether 
[0022] During the sol-gel process, thethickness of the 
composite is a function of the rotation rate and the vis- 
• coslty of the solutlon. Typically, the thickness of the com- 
. posite is at least 100 rim, rtiore typically at least 250 nm; 
and still more typically at least 500 nm. A particularly 
uiseful thickness is in the range of 450 to 700 nm, and 
more preferably from 475 to 600 nm. The maximum 
thickness, for instance of a planar thin filhfi compositei 
may be detenriined by the number of sol-gel layers de- . 
posited onto the substrate. 

[0023] In an embodiment, a fine powder of barium ox- 
ide is added to the glycol. The reaction is expthemnic 
and the reaction mixture is continuously stirred. The re- 
action mixture is then diluted with an alkanol, such as 
2-propanol. In addition, the titanium alkoxide is then 
added. To avoid rapid precipitation, the saturated glycol 
solution is kept at an elevated temperature, preferably . 
70° C. The solution is then spin coated onto a suitable 
substrate.'in the first stage of spin coating, the solution ' 
is added at approximately 2000 rpmfdrashort duration. 
In the second stage, the rotation is increased to 4000 
rpm for a time sufficient to achieve uniform deposition 
of film. The film is then dried at a temperature of 80 to 
100° C, preferably at 90° C. The product is then sub- 
jected to a similar annealing stage as described above. 
[0024] ' In another embodimerit of the Invention, the 
coating of the substrate is prepared by first dissolving a 
reaction mixture of alcohol, barium diacetate and titani- 
um alkoxide in ambient atmosphere. The solution of al- 
kanol, acetic acid glycerol Is then continuously stinted. 
Barium acetate is then dissolved in the mixed solution. 
Titanium alkoxide, such as titanium butoxide, is then 



added to the solution. The solution is continuously 
stirred for at least a couple of hours. The solution is then 
diluted vyith anhydrous alcohol, such as anhydrous 
methanol, acetic acid and glycerol in the approximate 
5 weight ratio of 5:6:1 . The solution is then spin coated 
onto a suitable substrate, typically a bottom electrode 
or metal layer. The spinning is preferably done at multi- 
' \' pie stagesV In the first Sjtage, the solution is'applied onto 
the substrate at approximately 2000 rpm for 10 sec. In 
10 the second stage, the solution is applied at a speed of 
4000 rpm for a period of time to achieve unlfprin depo-. - 
sition, generally about ten seconds. The sols may ailso 
be applied to the substrate by roller coating or screen 
printing, among other methods. 
15 [0025] Alternatively, the substrate to be coated with 
the capacitor dielectric may be dipped into the solution 
at an average speed of 2 to 12 cm/min (1 to 5 in/min) 
and preferably from 2 to 8 cm/min. The coating is then 
dried onto the substrate at a tehripefature of from 200 to 
20 500° C; typically films are first dried at 200° C for 2 
hours, and then baked at 400° C for 20 minutes to re- 
move volatile organic materials. Films are then an- 
nealed at the temperature range of 600 to 800° C to im^ 
prove crystallinity. Typically, the duration of annealing is 
25 about one hour. 

[0026] The dielectric structures of the present inven- 
tion may contain a single capacitor dielectric layer, or : 
multiple dielectrte layers. When multipje capacitor die- 
lectric layers are used, it is preferred that the topmost 
30 capacitor dielectric layer, i.e. the dielectric layer to be 
plated with a conductive layer, has a textured surface. .^ 
Such multilayer structures preferably comprise a plural- 
ity of dielectric layers. -In one embodiment^ it is further 
preferred that both the top and bottom dielectric jayers 
35 in the mu Itilayer dielectric structure have a textured sur- 
face. * 
[0027] Particularly suitable multilayer dielectric struc- 
tures are those having a first or top dielectric layer, a 
second or middle dielectric layer and a third or bottom 
40 dielectric layer, wherein at least one of the top and bot- 
tom dielectric layers has textured surfaces. It will be ap- 
preciated by those skilled in the art that such middle di- 
electric layer may comprise a single dielectric layer or a 
plurality of dielectric layers. Such plurality of dielectric 
45 layers allows for the fabrication of. a dielectric structure 
having a tailored overall dielectric constant: >^ 
[0028] When multiple dielectric layers are used, each 
of the dielectric layers may be the same or different. In 
one embodiment, it is prefen-ed that the dielectric layers 
50 comprise the same dielectric materials. In an alternate 
embodiment, it is prefen-ed that different dielectric ma- 
terials are used to fonn the various dielectric layers. An 
example of a suitable combination of different dielectric 
materials are alternating layers of one or more of alumi- 
55 na. zirconia, barium-strontium-titanate, lead-zirconium- 
titanate, and lead-lanthanum-ziroonium-titanate either 
by themselves or in combihation with one or more other 
dielectric layers. 
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[0029] in one ennbodiment, the present textured die- 
lectric layer may be used as the topmost layer in the 
dielectric stack to improve the adhesion of a subse- 
quently applied layer, such as a metal layer. In this em- 
bodiment, the layers under the textured dielectric mate- s 
rial may be deposited by any suitable means, such as; 
but not limited to, sol-gel techniques, chemical vapor 
deposition, combustion chemical vapor deposition or 
any combination of these. Such dielectric layers under 
the textured dielectric layer may be composed of any 
suitable dielectric material which may be the same as. 
or different from, the dielectric material used in the tex- 
tured dielectric layer 

[0030] The overall thickness of the dielectric structure 
depends upon the capacitor dielectric material selected 
as v/ell as the total capacitance desired. In multilayer 
dielectric structures, the dielectric layers may be of uni> . 
form thickness or varying thickness. Such structures 
may consist of many thin layers, one or more thick layers 
or a mixture of thick and thin layers. Such selections are 
well within the ability of those skilled in the art. Exem- 
plary dielectric lawyers may have a thickness of 0.01 to 
lOO.^m. 

[0031 ] Such textured surface of the capacitor dielec- 
tric material provides increased adhesion for subse- 
quently deposited or plated electrode layers. Typically, 
the texturing of the dielectric layer surface Is sufficient 
to increase the total surface area of the dielectric layer 
by at least 5% as compared to the same dielectric layer 
without such texturing. Preferably, the texturing is suffix 
dent to increase the total surface area by at least 1 0%, 
more preferably by at least 1 5%, still rhore preferably by 
at least 20%, and f urther preferably by at least 25%. The 
greater the increase in surface area of the dielectric lay- 
er, the greater the adhesion of the plated electrode or 
metallization layer. 

[0032] Capacitor dielectric surfaces may be textured 
by a variety of means, including, but not limited to, laser 
structuring, use of removable porogens, and mechani- 
cal means such as physical abrasion. Methods that pro- 
vide a suitably textured surface while providing control 
of the resulting dielectric constant are preferred. Thus, 
laser structuring and use of removable porogens are 
preferred means of texturing the capacitor dielectric sur- 
faces with the use of removable porogens being more 
preferred. 

[0033] Laser structuring of the dielectric surface may 
be by any laser structuring or ablation methods known 
in the art. In such methods, the last capacitor dielectric 
layer applied to the dielectric structure is subjected to 
laser structuring, such as laser ablation, prior to the dep- 
osition of an electrode (metallization) layer. Such laser 
ablation is typically computer controlled, thus allowing 
removal of precise amounts of capacitor dielectric ma- 
terial in a predetennined pattern. Such patterns include, 
without limitations, grooves, dimples, ripples, and cross- 
hatching. 

[0034] Preferably, the textured surface is provided by 



removable porogens. In such method, the porogens, 
which are incorporated into the capacitor dielectric ma- 
terial, are removed from the capacitor dielectric material 
prior to deposition of the electrode or conductive layer. 
Upon removal of the porogens, a capacitor dielectric 
material having pores, voids, free-volume or otherfomis 
of texturing is obtained. Such porogens are particularly 
suitable for use with sol-gel techniques of capacitor di- 
electric material deposltion,*as described above. 
[0035] A wide variety of removable porogens may be 
used in the present invention. Any material which can 
be dispersed within, suspended within, co-dissolved 
with, or otherwise combined with the capacitor dielectric 
and subsequently removed from the capacitor dielectrte 
material may suitably be used. Particularly suitable as 
removable porogens are organic polymers or com-- 
pounds which can be selectively etched or removed in 
the presence of the dielectric layer matrix and preferably 
without adversely affecting the dielectric matrix layer 
Preferably, the removable porogen is selected such that 
it is substantially non-aggregated or nonagglomerated 
in the capacitor dielectric material. Such non-aggrega- 
tion or non -agglomeration reduces or avoids the prob- 
lem of channel fomnation In the dielectric matrix. It Is pre- 
ferred that the removable porogen is a polymer particle. 
It Is further preferred that the porogen polyrtier particle 
is soluble or mlscible in the solvent used to deposit the 
sol. 

[0036] The removable porogens may be polymers 
such as linear polymers; star polymers, dendritic poly- 
mers and polymeric particles, or may be monomers or 
polymers that are copolymerized with a dielectric mon- 
omer to fornri a block copolymer having a labile (remov- 
able) component or may be high boiling solvents. In an 
alternative embodiment, the porogen may be pre-po- 
tymerized or pre-reacted with the dielectric precursor to. 
form the sol which may be monomeric, oligomeric or pol- 
ymeric. Such pre-polymerized material is then annealed ' 
to fomn a dielectric layer. 

[0037] Suitable block copolymers having labile com- 
ponents useful as removable porogens are those dls-. 
closed in U.S. Patent Nos. 5,776,990 and 6,093,636. 
Such block copolymers may be prepared, for example, 
by using as- pore forming material highly branched 
aliphatic esters that have functional groups that are fur- 
ther functionalized with appropriate reactive groups 
such that the functionalized aliphatic esters are incorpo- 
rated into, i.e. copolymerized with, the vitrifying matrix. 
Such block copolymers include, but are not limited to,- 
benzocyciobutenes, poly(aryl esters), poly (ether ke- 
tones), polycarisonates, polynorisomenes, poty(arylene 
ethers), polyaromatic hydrocarbons; such as polynaph- 
thalene, polyquinoxallnes, poly(perfluorinated hydro- 
cartDons) such as poly(tetrafluoroethylene), polyimldes,- 
polybenzoxazoles and polycycloolefins. 
[0036] Particularly suitable porogens are cross-linked 
polymer particles, such as those disclosed in U.S. Pat- 
ent Nos. 6,271 .273 B1 (You et al.) and 6,420,441 (Allen 
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et al.). The polymeric porogens comprise as polymer- 
ized units one or more monomers and one or more 
cross-linking agents. Suitable monomers useful in pre- 
paring the porogens Include,, but are not limited to, 
(meth)acrylic acid, (meth)acrylamides, alkyi (meth)acr- 
ylates, alkenyl (meth)acrylates, aromatic (meth)acr- « 
ylates, vinyl aromatic monomers, nitrogen-containing 
compounds andtlieirthio-anaiogs, substituted ethylene ' 
monomers, and aromatic monomers. Such porogens 
may be prepared by a variety of polymerization meth- 
ods, including emulsion polymerization and solution po- 
"lymerization,'and preferably by solution polymerization, r 
[0039] Such porogens typically have a molecular 
weight In the range of 5,000 to 1,000,000, preferably 
1 0,000 to 500,000, and more preferably 1 0,000 to 
100,000. When polymeric particles are used as the po- 
rogens, they may be used in any of a variety of mean 
particles sizes, such as up to .1000 nm. Typical mean 
particle size ranges are from about 0.5 to about 1000 
nm, preiferably from about 0.5 to about 200 nm, more 
preferably from about 0.5 to about 50 nm, and most pref- 
erably from about 1 nm to about 20 nm. 
[0040] The porogen particles are typically cross- 
linked. Typk:ally, the amount of cross-linking agerit is at 
least about 1 % by weight, based on the weight of the 
porogen. Up to and including 1 00% cross-linking agent, 
based on the weight of the porogen, may be effectively 
used in the particles of the present invention. It is pre- 
ferred that the amount of cross-linker is from about 1 % 
to about 80%, and more preferably from about 1% to' 
about 60%. A wide variety of cross-linking may be used. 
Such cross-linking agents are multi-functional mono- 
mers and are well-known to those skilled in the art. Ex- 
emplary cross-linking agents are disclosed In U.S. Pat- ' 
ent No. 6,271 ,273 (You et al.). 
[0041] Porogen particles having a wide range of par- 
ticle sizes may be used in the present invention. The 
particle size polydispersity of these materials is in the 
range of 1 to 20, preferably 1 .001 to 15, and more pref- 
erably 1 .001 to 10. It will be appreciated that particles 
having a unlfomi particle size distribution (a particle size 
polydispersity of 1 to 1 .5) or a broad particle size distri- 
bution may be effectively used in the present Invention. 
[0042] It will be appreciated by those skilled in the art 
that the removable porogens may remain dispersed with 
the gel or miay be incorporated into the sol or gel. 
[0043] The removable porogens are typically added 
to the sols in an amount sufficient to provide the desired 
texturing of "the capacitor dielectric surface. For exam- 
ple, the porogens may be added to the spjs In any 
amount of from about 1 to about 60 wt%, based on the 
weight of the sol, preferably from 5 to 50 wt%, more pref- 
erably from 10 to 46 wt%, and even more preferably 
from 10 to40 wt%. 

[0044] The porogens may be combined with the ce- 
ramic precursors at any stage up to and even during the 
deposition of the sols to form a film. Such porogens may 
be combined with the ceramic precursors in any suitable 



solvent, such as methyl Isobutyl ketone,^ diisobutyl ke-. 
tone, 2-heptanone, Y-butyrolactone, Y<^aprolactone, 
ethyl lactate propylenegiycol monomethyl ether acetate, 
propyleneglycol monorhethyl ether, diphenyl ether, ani- 

5 sole, n-amyl acetate, n-butyl acetate, cyclohexanone, 
N-methyl-2-pyrrolidone, N.N'dimethylpropyleneurea, 
mesitylene, xylenes, or mixtures thereof . 
[0045] To be useful as porogens in fbnning the tex- 
tured capacitor dielectric materials, the porogens of the 

10 present invention must be at least partially removable 
under conditions vyhich do not adversely affect the die- 
lectrk: material, preferably substantially removable, and 
more preferably completely removable. By "removable" 
Is meant that the polymer depolymeHzes or otherwise 

15 breaks down into volatile components or fragments 
which are then renrioved from, or migrate out of, the di- 
electric material yielding pores or voids. Such resulting 
pores or voids may fill with any carrier gas used In the 
removal process. Any procedures or conditions which 

20 at least jDartially remove the porogen without substan- 
tially degrading the dielectric material, that Is, where less 
than 5% by weight of the dielectric material is lost, may 
^ be used, It Is preferred that the porogen is substantially 
. removed. Typical methods of renriovai Include, but are- 

25 not limited to: chemical etching, exposure to heat, pres- 
sure or radiation such as, but not limited to, actinic, IR, 
microwave, UV, x-ray, gamma ray, alpha particles, or 
electron beam. It will be appreciated that nriore than one 
method of renrioving .the porogen or polymer may be 

30 used, such as a combination of heat and actinic radia- 
tion. It Is preferred that the dielectric material is exposed 
to heat to remove the porogen. It will also be appreciated 
by those ski lied iri the art that other methods'of porogen 
removal may be employed * 

35 [0046] The porogens of the present invention can be 
thermally removed under a variety of atmospheres, in- 
cluding but not limited to, vacuum, air, nitrogen, argon, 
mixtures of nitrogen and hydrogen, such as forming gas, 
or other inert or reducing aitmosphere, as well as under 

40 oxidizing atrnospheres. Preferably, the porogens are re- ' 
moved under inert or reducing atmospheres. It is pre- 
ferred that the porogens of the present invention are re- 
moved at a tertiperature at or near that temperature 
used to form the "gels". Typically, the porogens of the 

45 present Invention maybe removed at a wide range of 
teniperatures such as from 1 50** to 650* C, and prefer- 
ably from 300° to 500° C. Such heating may be provided 
by means of an oven, flame, microwave and the like. It 
will be recognized by those skilled in the art thatthe'par- 

50 ticiilar removal temperature of a theithaiiy labile poro- 
gen will vary according to composition of the porogen.. 
For example, Increasing the aromatic character of the 
porogen and/or the extent of cross-linking will increase 
the removal temperature of the porogen. Thus, the re- 

55 moval tenriperature of the porogen may be tailored to the 
temperature used to fomi a particular gel. Typically, the 
porogens of the present invention are removed upon ; 
heating for a period of time in the range of 1 to 1 20 min- 



6 



11 



EP1 316 976A1 



12 



utes. After removal from the dielectric matrix material, 0 
to 20% by weight of the pbrogen typically remains In the 
porous dielectric material. Residual porogen remaining 
will be further removed during the annealing (or crystal- . 
lization) step of the sol-gel process. 
[0047] Upon removal of the porogens, a textured die- 
lectric material having voids or other texturing is ob- 
tained, where the size of the voids is preferably substan- 
tially the same as the particle size of the porogen. In 
general, pore sizes of up to 1 ,000 nm, such as that hav- 
ing a mean particle size In the range of 0.5 to 1000 nm, 
are obtained. It is prefenred that the mean pore size is 
in the range of 0.5 to 200 nm, more preferably from 0.5. 
to 50 nm, and most preferably from 1 nm to 20 nm. 
[0048] The resulting dielectric material having voids 
or other textu ring thus has an increased surface area as 
compared to such material without such voids. Such . 
voids will be dispersed throughout the capacitor dielec- 
tric material. Including having a fraction at the surface 
of the material. If only one layer of capacitor dielectric 
material is used, texturing should not be accomplished 
through the use of porogens as channels will likely de- 
velop which could lead to shorts during subseq uent met- 
allization to fomri the electrodes. Porogens are thus use- 
ful to provide a texturized surface in the top capacitor 
dielectric layer in a.multilayer dielectric structure. Pref- 
erably, the thickness of the textured dielectric layer is < 
50% of the total thickness of the dielectric structure. It 
Is further preferred that the thickness of the textured di- 
electric layer is < 40%, more preferably < 30% and still 30 
more preferably .< 25% of the total thickness of the die-' 
lectric structure. The reduction in dielectric constant 
caused by the introduction of air voids (with a dielectric 
constant of 1 ) is limited by the small volume of the total 
dielectric material that is so modified. 35 
[0049] In an alternate embodiment, the porogen may 
be a solvent such as an alcohol, provided that such al- 
cohol is sufficiently non-volatile that it at least partially 
remains in the gel. Neopentyl alcohol Is one example, 
however, other alcohols having similar properties may 
be used. 

[0050] Fig. 1 illustrates a multilayer dielectric struc- 
ture having a plurality of non-textured dielectric layers 5 
where the top or first dielectric layer.10 contains surface 
texturing (pores) 15. Such dielectric structure is pre- 
pared by applying a series of sols to a substrate which 
were then heated to fonn gel layers. A final sol contain- 
ing removable polymeric porogen Is then applied and 
the polymeric porogen particles are then thermally re- 
moved during the heating step to form the gel. The entire so 
dielectric structure may then be heated to provide the 
dielectric structure having the desired crystal structure. 
In an alternate embodiment, the non-porogen contain- 
ing gel layers are first annealed to form the desired cry- 
tallinity, followed by deposition of the porogen-contain- ss 
ing sol. The porogen-contain Ing sol is then heated (first 
annealing) to forni the gel and to remove the porogen 
and form a textured (porous) top dielectric layer. The po- 



rous top dielectric layer is then annealed to provide the 
desired crystallinlty. . 

[0051] Electrodes (or conductive layers) may b de- 
posited on the present dielectric structures having a tex- 
tured surface by a variety of methods, such as, but not 
limited to. electroless plating, electrolytic plating, chem- 
ical vapor deposition, physical vapor deposition and sol- 
gel deposition. When conductive polymers are used to . 
fohi) the conductive layer, they may be deposited as a 
melt, in a solvent, by roller coating, as a dry film or by 
any other polymer coatingtechnique. Electroless plating 
may suitably be accomplished by a variety of known 
methods. Suitable metals that can be electroiessly plat- 
ed include, but are not limited to. copper, gold, silver, 
nickel, palladium, tin, and lead. Alternatively, a suitable 
conductive catalyst my be applied to the textured die- 
lectric surface to provide for electrolytic deposition of a 
suitable conductive electrode material. Preferably, the 
electrode is deposited by electroless deposition. Such 
electroless deposition may be followed by electrolytic 
deposition to build up a thicker metal deposit. The elec- 
trolytically deposited metal may be the same as or dif- 
ferent from the electroiessly deposited metal. 
[0052] Also contemplated by the present Invention Is 
a capacitor comprising a dielectric, structure having a 
bottom surface and a textured top surface, a bottom 
conductive layer in intimate contact with the dielectric 
bottom surface and a top conductive layer. in intimate 
contact with the textured top dielectric surface. Fig. 2 
illustrates a further alternate embodiment of a capacitor 
comprising a multilayer dielectric structure having bot- 
tom dielectric layers 20 and a top dielectric 25 having a 
textured surface 30,. a bottom conductive layer 35 in in- 
timate contact with the surface of the bottom dielectric 
layers and a top conductive layer 40 in intimate contact 
with the textured top dielectric structure surface. 
[0053] An advantage of the present invention is that 
the increased surface area of the capacitor dielectric 
material provides for increased adhesion of the metal 
layer to the capacitor dielectric. Thus, the present inven- 
tion provides a method of improving the adhesion of a 
plated electrode to a dielectric layer comprising the 
steps of depositing on a substrate a dielectric layer com- 
prising porogen, removing the porogen to provide a di: 
electric layer having a textured siirface, and plating an 
electrode on the surface of the dieljsctrto layer. 
[0054] A further advantage of the present invention Is 
that the texturing of the dielectric layer can be controlled 
to the depth of a single layer in a multilayer dielectric 
stack. In general, when the textured dielectric layer is 
the topmost layer of a dielectric stack, the surface of the 
textured layer is in contact with the dielectnc stack is 
generally planar, but such surface may show texturing. 
[0055] In another embodiment, the removable poro- 
gen is selected such that it prefereritially migrates to- 
ward the. top surface of the dielectric layer during gel 
fomiation. In this way, the concentration of removable 
polyrner at or near the surface of the gel Is increased as 
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compared to the concentration of the removal porogen 
|n the bulk of the gel. This results in an Increase In pores 
orvoldsat or nearthe surface ofthe dielectric layer upon 
removal of the porogen. This embodiment provides the 
texturing at or near the surface of the dielectric layer 
where it is most needed for improved adhesion of a sub- 
sequently deposited metal layer. 
[0056] In an alternate embodiment, the top dielectric 
layer may optionally contain a plating dopant. Such plat- 
ing dopant is any conductive element or compound 
present In the dielectric layer in an amount sufficient to 
promote metal plating of the surface of the dielectric lay- 
er. Suitable plating dopants include, but are not limited 
to, metals such as tin, lead, palladium, cobalt, copper, 
silver, gold and alloys thereof, metal oxides such as zinc 
oxide, and mixtures thereof. 

[0057] In another embodiment, the plating dopant 
may be incorporated into the porogen. By "incorporated" 
it is meant that the plating dopant is combined with the 
porogen, copolymerized with the monomers used to 
from the porogen reacted with the porogen, adsorbed 
onto.the porogen, and encapsulated within the porogen, 
as well as other possible combinations. In one example, 
a plating dopant may be encapsulated within the poly- 
meric shell, such as is disclosed in U.S. Patent 
5,835,174 (Clikeman et al.). An advantage of incorpo- 
rating the plating dopant Into the porogen is that the plat- 
ing dopant may be more easily dispersed In the dielec- 
tric material and the plating dopant will remain in the 
pores or voids remaining after removal of the porogen. 
[0058] The capacitors of the present Invention are 
particularly suitable for use as embedded capacitors in 
laminated printed circuit boards. Such capacitors are 
embedded In a laminate dielectric during the manufac- 
ture of laminated printed circuit boards. The laminate di- 
electrics are typically organic polymers such as, but not 
limited to, epoxies, polylmides, fiber reinforced epoxies 
and other organic polymers usied as dielectrics in printed 
circuit board' manufacture. In general,, laminate dielec- 
trics have a dielectric constant < 6, and typically have a 
dielectrte constant in the range of 3 to 6. The present 
capacitors may be embedded by a variety of means 
known in the art, such as those disclosed in U.S. Patent 
No. 5,155,655 (Howard et al.). 
[0059] Accordingly; the present invention provides a 
method of manufacturing a multilayer printed wiring cir- 
cuit board including the step of embedding a capaci- 
tance material in one or more layers of the multilayer 
printed circuit board, wherein the capacitance materia! 
includes a multilayer dielectric structure Including a first 
dielectric layer and a second dielectric layer wherein the 
first dielectric layer has a textured surface. 
[0060] The following examples are presented to illus- 
trate further various aspects of the present Invention, 
but are not intended to limit the scope of the invention 
in any aspect. 



Example 1 ' 

[0061] Barium acetate, Ba(CH3COO)2, (1 mol) is dis- 
solved in a mixed solution of 20 mol ethanol, 25 mol ace- 
s tic acid, and 1 mol glycerol, and then the solution is 
stirred for 2 hr. After stirring, 1 mol of Ti[0(CH2)3CH3]4 
is added to the solution, followed by stirring for another 
2 hr to prepare a barium titanate sol. ' 
[0062] A sample of this sol is spin coated on a con- 
10 ductive substrate at 2000 rpm for 45 sec. After the so- 
lution is spin coated, the sample Is heated at 170** C for 
1 hr in a nitrogen-gas atmosphere, followed by two steps 
of successive annealing of 400° C for 1 hr and 700** C 
for 1 hr in air. The thickness of the annealed dielectric 
sample prepared using this procedure is -100 hm. 
[0063] To another sample of the sol is added cross- 
linked polymeric porogen particles. The porogen parti- 
cles are added in an amount sufficient to provide 40% 
porogen by weight, baised on the total weight of the sol. 
The porogen particles contain as polymerized units one 
or more alkyi (meth)acrylate monomers, one or more 
additional mononriers and divinylbenzene as the cross- 
linking agent. The porogen-containing sol Is then ap- 
plied to the dielectric surface of the annealed dielectric 
sample using the conditions disclosed above. The sam- 
ple is then processed at 400** C for 1 hrto both fonri the 
gel and removethe porogen. Final phase transformation 
to the perovskite crystal structure is earned out at ^700"" 
C to provide a dielectric structure having a textured sur- 
face. 

Example 2 

[0064] The textured surface of the dielectric structure 
of Example 1 Is catalyzed and subjected to an electro- 
less nickel plating bath to deposit a layer of nickel on 
the textured surface. The nickel plated dielectrte is next 
subjected to a nickel electroplating bath to Increase the 
thickness of the nickel deposit. ' - 

Example 3 

[0065] The procedure of Example 2 is repeated ex- 
cept that the electroiessly nickel plated dielectrte is sub- 
jected to a copper electroplating bath to deposit a layer 
of copper on the electroless nickel layer. 

Example 4 

[0066] The procedure of Example 3 Is repeated ex- 
cept that the electroiessly nickel plated dielectrte is sub-, 
jected to a silver electroplating bath to deposit a layer 
of silver oh the electroless nickel layer. 

Example 5 

[0067] The procedure of Example 2 is repeated ex- 
cept that the electroiessly nickel plated dielectric is sub- 
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jected to an immersion gold plating bath to deposit a lay- 
er of gold on the electroless nickel layer. 

Example 6 

[0068] Lead acetate hydrate, Pb(CH3COO)2H20, is 
dissolved in 2-methoxyethanol and is dehydrated at 
1 1 6** C under vacuum to provide lead acetate. A solution 
of zirconium n-propoxide, Zr(n-OC3H7)4, and titanium 
isopropoxide, Ti(i-OC3H7)4 in 2-methoxyethanol is pre- 
pared. The zirconium-titanium solution is then added to 
the lead acetate solution and the mixture is refluxed for 
2 to 3 hours at 100° C and is then distilled to provide a 
PZT polymer precursor of the fomiuta Pb(Zro 52^10 43) 

[0069] A 0.3M stock solution is prepared by dissolving 
the polymer in toluene. A sample of this sol is spin coat- 
ed on a conductive substrate (aluminum) at 2000 rpm 
for 45 sec. After the solution Is spin coated, the sample 
is dried at 200° C for 5 to 10 minutes on a hot plate, 
followed by two steps of successive heating at of 450° 
C for 20 minutes and 600° C for 30 minutes in air. The 
thickness of the annealed dielectric sample prepared 
using this procedure is ^100 nm. Cross-linked polymer- 
ic porogen particles are then added to another sample 
of the sol in an amount sufficient to provide 35% porogen 
by weight, based on the total weight of the sol. The sol 
is then applied to the surface of the dielectr;ic material 
on the aluminum substrate using the conditions dis- 
closed above. The sample is then heated at 450° C for 
20 minutes to 1 hour to both fonn the gel and remove 
the porogen. Final phase transformation to the per- 
^ ovskite crystal structure is perfomied at 600° C to pro- 
vide a dielectric structure having a textured surface.. 

Example 7 

[0070] The procedure of Example 6 is repeated ex- 
ceptthat lanthanum isopropoxide (La{i-OC3H7)3) Is also 
added to the zircoriium-titanium solution prior to the 
combination with the lead acetate solution. A lanthanum 
doped PZT polymer is obtained. 

Example 8 . .> 

[0071] The procedure of Example 7 is repeated ex- 
cept that niobium ethoxide (Nb(OC2H5)5) is used in- 
stead of lanthanum isopropoxide to provide a niobium 
doped PZT polymer. 

Example 9 

[0072] The procedure of Example 7 is repeated ex- 
cept that the conductive substrate is copper. 

Example 10 

[0073] The procedure of Example 6 is repeated ex- 



cept that the conductive substrate is silver. 
Example 11 

5 [0074] A solution of lanthanum nitrate hydrate (La 
(NO3)3-6H20) in 2-methoxyethanol is prepared. A sec- 
ond solution of nickel acetate hydrate (Ni 
(OOCCH3)3-4H20) in 2-methoxyethanol is prepared. 
Each compound is then dehydrated and then the sotu- 

10 tions are mixed in an amount to provide a stoichiometric 
ratio of La:Ni of 1:1. This lanthanuni nickel sol is then 
spin coated on the texture surface of the dielectricstruc- 
ture of Example 1 and annealed at 600° C for 1 hour to 
provide a lanthanum nickel oxide (LaNiOs) conductive 

IS layer. This conductive layer is useful as an electrode. 

Example 12 

[0075] The sample of Example 6 Is subjected to an 
20 electroless copper bath to provide a layer of copper on 
the textured surface. 

Example 13 

25 [0076] The sample of Example 1 is catalyzed and sub- 
jected to an electroless nickel plating bath to deposit a 
layer of nickel on the textured surface. The nickel plated 
sample is then contracted with an immersion gold plat- 
ing bath to provide a gold layer over the nickel layer 

30 ^ 

Example 14 

[0077] The procedure of Example 1 is repeated ex- 
cept that a star polymer is used as the porogen. 
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Example 15 

[0078] , The procedure of Example 1 is repeated ex- 
cept that polyethyleneglycol is used as the porogen. . 

Example 16 



[0079] The sol of Example 1 is prepared but no poro- 
gen is added. The sol is spin coated on a platinum foil 

45 and heated and annealed to the procedure of Example 
1 . The surface of the dielectric layer is then subjected 
to laser ablation to texturize the surface of the dielectric 
layer. A copper conductive layer is then applied to the 
textured surface using an electroless copper plating 

so bath. 

Example 17 

[0080] The procedure of Example 1 6 is repeated ex- 
ss cept that a layer of conductive polymer is applied to the 
textured dielectric surface as an electrode. 
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Claims 

" 1 . A capacitance material comprising a multiplayer di- . 
electric structure comprising a first dielectric layer 
and a second dielectric layer, wherein the first dib- 5 
lectric layer has a textured surface. 

2. The capacitance material of claim 1 wherein the 
least one of the first and second dielectric layers is ' 

• selected from the group consisting of polymers, ce- io 
ramies, metal oxides and combinations thereof. 

3. The capacitance material of any one of ciainfis 1 or 
2 Wherein the first 'dielectric layer has a thickness 

of < 50% of the total thiclcness of the dieiectric struc- is 
ture. ... 

4. The capacitance material of any one of claims 1 to : 
3. wherein the first dieiectric layer comprises a plat- 
ing dopant. 20 

5. A printed circuit board comprising the capacitance 
material of ariy one of claims 1 to 4. • 

6. A method of manufacturing a multilayer printed cir- 25 
cult board comprising the step of embedding the ca- 
pacitance material of any one of claims 1 to 4 in one 

or more layers of the multilayer printed circuit board. 

7. A capacitor structure comprising a first conductive 30- 
layer, a second conductive layer and the capaci- 
tance material of any one of claims 1 to 4 disposed 
between the first and second conductive layers. 

8. A method of improving the adhesion of a deposited 35 
conductive layer to a dielectric structure comprising 

- the steps of depositing on a dielectric layer a top * 
dielectric layer comprising porogen, removing the 
porogen to provide a textured surface on the top di- 
electric layer, and plating an electrode on the sur- -40 
face of the top dielectric layer. 

9. The method of claim 8 wherein the porogen is a . 
cross-linl<ed polymer particle. 



10. The nriethod of clairn 9 wherein the porogen has a 
mean particle size of up to 1 000 nm. 
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